AB: River beds are often arranged into patches of similar grain size and sorting. Patches can be distinguished into 'free patches,' which are zones of sorted material that move freely, such as bedload sheets, 'forced patches,' which are spatially persistent areas of sorted bed material forced by topographic controls, and 'fixed patches' of bed material rendered immobile through localized coarsening that remain fairly persistent through time. Patch development and dynamics will influence storage rates and processes, and therefore affect theoretical calculations of sediment flux through reaches. Theoretical prediction of the size distribution and occurrence of these patches remains challenging. Here we investigate the relationship between forced bed surface patches, bed topography, and local hydrodynamics using data from a near field-scale flume experiment. We provided a large (55 m long, 2.74 m wide) straight, sediment recirculating flume with a constant discharge and a unimodal sediment mixture ranging in size from 2-45 mm. We maintained a widthto-depth ratio of about 20 and constricted the flow at the flume entrance to promote the development of alternate bars. Bars developed and became essentially fixed in space, producing steady-state bed topography over which we could observe sorting patterns and make hydrodynamic measurements. The bed developed spatially persistent forced patches, including coarse bar tops and fine pools, which we characterized by visual mapping and with the application of an automated image processing procedure to a high-resolution (1 mm × 1 mm) digital elevation model of the bed surface. In addition to regular bed and water surface elevation measurements, we made a series of near-bed velocity and local sediment transport rate measurements over an array spanning an entire bar sequence. We used the near-bed velocity measurements and water
surface elevation data to calculate the boundary shear stress field in the channel, which displayed substantial spatial variability across the bar unit. To better quantify hydraulic conditions, we simulated the steady-state flow field with a quasi-3D hydraulic model (MD-SWMS), the output of which was verified with our hydrodynamic observations. Our analysis suggests that bed topography produces spatially-variable boundary shear stress, and that the divergence of the boundary shear stress field is an important control on the development of forced patches in a mixed-grain-size bed. DE: 
